Objective: To describe the household intakes of retinol and carotenoids and social economic factors determining their intakes. Subjects: Data on a total of 1001 households (771 in rural areas and 230 in urban areas) were used in the analyses. Interviewed person was household food preparer. Results: Mean (s.d.) intake of carotenoids was 4178 (3154) mg/capita/day in rural and 4208 (3408) mg/capita/day in urban areas and intake of retinol was 101 (275) mg/capita/day in rural and 201 (470) mg/capita/day in urban areas. Multivariate analyses show that the subjects in households with four or more members consume about 700 mg carotenoids less compared to households with less than three members. Households with a higher expenditure (fourth quartile) consumed about 100 mg retinol/day more than those with a lower expenditure (first quartile). Conclusion: Carotenoids from plant food sources is the main source of vitamin A intake of the population and its main determinants are household expenditure and size of household. Food fortification and dietary diversification with special emphasis on promotion of consumption of animal foods should be key strategies for overcoming vitamin A deficiency in Vietnam.
Introduction
Currently, vitamin A deficiency is a public health nutrition problem in many developing countries around the world, especially in southeast Asia (West, 2002) . Vitamin A deficiency increases severity of infection, anemia, poor growth and mortality (Sommer and West, 1996) . Until the year 1995, vitamin A deficiency was regarded as a serious public health problem also in Vietnam, but several years of countrywide vitamin A supplementation programs have improved the situation markedly (Khan et al., 2002) . However, sub-clinical vitamin A deficiency, which is associated with an increased risk of severe illnesses or even death from diarrhea and respiratory infections, still exists as a public health concern in Vietnam (Khan and Ninh, 2003) .
Dietary modification is an important strategy in the current efforts to improve vitamin A status in vitamin Adeficient populations (Ramakrishman and Darnton-Hill, 2002) . In developing countries, people derive 80-85% of vitamin A from plant sources in the form of (pro-vitamin A) carotenoids while pre-formed vitamin A, retinol, exists only in animal foods and accounts for not more than 15-20% of total vitamin A intake (FAO/WHO, 1988) . Promotion of consumption of vitamin A-rich foods through home gardening and animal husbandry stimulation programs in Vietnam has been appreciated by the population, especially in rural areas (Giay and Dat, 1986) . However, there is lack of information on consumption of vitamin A and/or carotenoids sources by people and factors that are related to intake patterns.
Therefore, the aim of the present study was to find associations between vitamin A and carotenoid intakes and their determinants, especially socioeconomic factors. The study site was the Red River Delta area in northern Vietnam. With a total population of urban/rural residents of 19 million-59 million, the total gross outputs of cereals and paddy of the area in the year 2000 were 6866 and 6586 thousand tons (GSO, 2001) . The gross outputs of agriculture, fishery and animal-derived food products are continuously increasing from 1995 to the year of the survey, 2000 (GSO, 2000) . However, vitamin A deficiency still exists in the area. A regional representative survey on 500 children in Red River Delta observed that 4.2% children suffered from low vitamin A plasma. Another survey in 300 lactating mothers in the area found that 43.1% of the subjects had low retinol in breast milk (Ninh and Khan, 2006) . Thus, despite improvement in socioeconomic development, vitamin A deficiency is still a public health issue in the area and need to be controlled.
This study was designed to picture vitamin A deficiency and related predictors in the area. Findings of this study are expected to provide evidence-based information for foodbased approaches to control vitamin A deficiency in the area as well as in Vietnam.
Subjects and methods
Households in the Red River delta of North Vietnam were chosen as the sample sites for this study. A two-stage sampling method was used. Based on a 1999 census (GSO, 2000) , which divides this region into clusters with equal number of households (about 100-110) per cluster, 30 clusters in the Red River Delta were randomly selected. Households within the cluster were randomly selected in the second sampling stage. At each selected cluster (usually a village or sub-commune), one-third of the households were selected randomly. On average, the number of selected households in each cluster was 33-35. The Red River Delta region comprises nine provinces and/or cities and is an area around the Red River, one of the biggest rivers in northern Vietnam. The people mainly depend on agricultural production in the rural areas, but the region includes also two big cities (Hanoi and Hai Phong) and seven smaller cities or towns that we classified as the urban areas. In this region, people cultivate various kinds of vegetables and fruits throughout the year, while animal food sources such as pig and poultry are mainly produced at household level. The total of 1041 households in the Red River Delta is representative of the area. Forty households were excluded from the analyses because data on socio-economic status were not complete. The selected households participated voluntarily in this study and were given compensation for their time and commitment. The study was approved by the Ethical Committee of the Ministry of Health. All information was anonymously coded and could not be traced back to household or individual.
Food consumption in each household was assessed using the 24 h dietary recall method. The method and the used questionnaire were thoroughly validated in the field in this region in Vietnam. The validity studies were completed by the food consumption study group of the National Institute of Nutrition, Vietnam (Dop et al., 2000) . Possible bias was eliminated by weighing food items, and showing serving size patterns to the interviewees. Recall bias was limited using a Vietnamese common food album. To prevent subjects from under-reporting meals, the commonly used meal pattern was recalled as well. Main respondents were household food preparers. Household members who ate out during the day of investigation and children under the age of 2 years who ate weaning food or other small children who had meals in kindergarten were interviewed using proxies to prevent data from being underestimated owing to food consumed out door. Also, foods consumed by host and/or guests were estimated and excluded from total household food consumption. Days with special food consumption patterns such as wedding, funeral and so on, were changed to another day interview. In addition, a food frequency questionnaire was used to investigate the food pattern of the household. Retinol, carotenoids and other nutrients were computed using the Vietnamese Food Composition Table (NIN, 2000) and were then calculated per capita per day. Personal intakes were computed taking into account main age groups and worth considering conditions of household members, such as pregnancy, lactating mothers, and so on, using food consumption equivalent developed by NIN.
Information on socioeconomic factors was obtained from the head of the household, using a structured questionnaire. Economic status was assigned based on household expenditure (GSO, 1999) , which includes money spent on foods, drinks, health care, education and some other miscellaneous information. Information on size of household and education of parents was reported by the head of the household, occasionally with assistance from household members and was cross-checked with the 'Registration Booklet' of the household. Rural/urban areas are determined by census 1999 (GSO, 2000) . Data on household expenditure were categorized into four levels (quartiles) based on the distribution in the whole study population, and three levels of education were assigned: 1. primary school or less; 2. secondary school and high school; and 3. higher level than high school. There were certain number of cases without data on education level due to non-respondent information. Of these, some interviewees could not remember exactly the year of education of his/her wife/husband which was collected as a continuous variable. The rest are non-respondent for some sensitive reasons such as dropped out of school, cannot afford educational cost. These cases were removed from the data set.
Data were analyzed using SPSS 11.5 for Windows (SPSS Chicago Inc., IL, USA). Data analyzed were considered normally distributed as stated in Central Limited Theory (Moore and McCabe, 2003) . Independent t-test, one-way ANOVA, Pearson correlation and multi-variate analysis were used to compare means and to investigate associations between intakes of retinol and carotenoids and socioeconomic factors. Dummy variables were created for socio-economic variables to fit into the multi-variate models. Data are expressed as mean7s.d., unless otherwise stated. Significance level is set at Po0.05.
Results
The study sample included 7 clusters in urban areas and 23 clusters in rural areas. Among the total of 1041 households selected as sampling units, 40 were excluded for incomplete data. As shown in Table 1 , there were more participating rural households. The rural households generally have more members. In the rural areas, the expenditure per household was generally lower, and the educational level of both father and mother was higher in the urban areas. The educational level between father and mother was not different in both rural and urban areas. Table 2 shows median, 25 percentile, 75 percentile and mean and s.d. values of intakes of carotenoids and retinol across subgroups in the study population. Obviously, the distribution is skewed in most subgroups. Urban households have significantly higher intakes of retinol but not of carotenoids. Carotenoids intakes are significantly different across household sizes (Po0.01) whereas the difference in retinol intake is not statistically different across household size. There are no differences in carotenoids and retinol intake across household expenditure levels, except for retinol in the highest expenditure level (Po0.01). The observed highest intake of retinol found in the highest educational level groups is not statistically significant. Table 3 shows that the urban households consume more protein and fat but less carbohydrate than those in rural areas (Po0.01). Households with higher expenditure have higher protein and fat intakes (Po0.01). Total energy (Po0.01), protein and fat intake (Po0.01) was inversely related with household size. The education level of both parents makes no difference in total energy intake, but has an impact on protein and fat intakes: the higher the education level, the higher the intakes of protein and fat (Po0.01). Household expenditure was strongly related to all macro-nutrient intakes: households with higher expenditure had higher intakes of energy, protein and lipid.
There were five variables selected for the multi-variate analysis: area, household expenditure, household size, education of mother and education of father. These factors are known to be related to the intake of pro-and pre-vitamin A (Dung et al., 1986) . Within the used statistical model, the role of each factor considered in vitamin A intake is adjusted by the rest of the variables as presented in Table 4 , and vice versa.
Household size strongly affects the intake of carotenoid intake but not of retinol. Households with four members consume about 700 mg of carotenoids less than households with less than three members. The carotenoid intake is lower as household size increases (Po0.05).
There are differences in retinol intake in the various socioeconomic groups. However, the differences are small as can be seen in Table 4 . In the adjusted model, the differences between rural and urban areas in carotenoid and retinol intake are not significant. However, among household expenditure variables, the highest retinol consumption is still observed at the highest expenditure quartile (Po0.05). Subjects in the highest expenditure quartile consume about 100 mg retinol/day more than those at the first quartile.
Discussion
The present study shows that pro-vitamin A carotenoids are the main source of vitamin A intake of people living in the Red River delta region in northern Vietnam. There is no difference in the consumption of carotenoids between rural and urban households after correcting for confounding variables. Among urban households, retinol intake derived from animal food sources is about two times higher than in the rural areas. The main sources of retinol consumed are pig meat, fish, egg and milk. Urban residents eat twice as much meat and have a four times higher consumption of egg and milk. Fish consumed is equal between residents (data not show). Owing to the sampling method, the data collected are representative for the Red River Delta area but not for the individual provinces.
The consumption of carotenoids is generally low in the targeted population. Because of insufficient data on specific carotenoids in the Vietnamese Food Composition Table  ( NIN, 2000) , specific types of carotenoids in the diet of subjects in this study could not be calculated separately. In the Red River Delta region, dark green leafy vegetables (mean intake 162 g/capita/day) are the main source for plant carotenoids, while fruit intake (52 g/capita/day) is rather low (data not shown). It is recognized that intake of carotenoids from vegetables and fruits is highly seasonal variable (Sinha and Bang, 1973) , and may even change monthly as observed in Bangladesh (Zeitlin et al., 1992) . This survey had been conducted from July to September, 2000. Vegetable, vegetable tuber and fruits foods are normally available in this time of the year. In Vietnam, the availability of vegetable and fruits foods is lowest at the end of the fall and highest in spring and thus, season-dependent limitation is not a concern of bias in this survey. Even though, carotenoid consumption as found in this study is low; this finding suggests that populations who rely on the intake of carotenoids for their vitamin A supply are at a high risk of vitamin A deficiency and need to have additional vitamin A supplement. In addition to the low consumption of vitamin A food sources, newly revised estimates of carotenoid bio-efficacy may severe vitamin A deficiency in the area. Compared to previous assumptions that 12 mg of provitamin A carotenoids can be converted to 1 mg of retinol (West et al., 2003) , recent conversion rate requires more provitamin A. The recent estimates stated (de Pee et al., 1995 (de Pee et al., , 1996 Castenmiller and West 1998) and then recommended by WHO (WHO/FAO, 2004) , which states that the conversion factor is 1:28 for provitamin A carotenoid, result in severe deficiency in foodbased vitamin A among the targeted population. Low intake and lower conversion rate are critical points in looking for possible future approaches to improve the vitamin A status among Vietnamese.
The large s.d. and the negative skewed distribution in both carotenoid and retinol intake indicates a large variation of vitamin A food resources and illustrate that many individuals in this population consume relative low amounts of both pro-and pre-vitamin A. This may explain the situation of the relative poor vitamin A status in lactating women in this area, as observed previously by Khan and Ninh (2003) . Unequal distribution of food within the community and household was also documented as a main cause of vitamin A deficiency in some populations UN/SCN (2004) . Therefore, the rural population in the Red River Delta area of northern Vietnam is still at risk of vitamin A deficiency and this situation is predictable using food consumption information.
Fat plays an important role in absorption and metabolism of carotenoids and retinol in the body. Carotenoids are absorbed by the duodenal mucosal cells through a passive diffusion mechanism, which is highly fat-dependent (Micozzi et al., 1992; Parker, 1996) . In addition, it is known that in animals with a high fat intake level, liver vitamin A concentration is high (Ribaya-Mecardo, 2002) . The data in this study show that in general, fat intake per capita is low (35 g/day in urban and 25 g/day in rural areas). Fat intake is lower among sub-populations with socioeconomic lower status (Table 3) , which can be seen as a risk factor for vitamin A deficiency. Generally, protein intake shows an improvement compared to an earlier study in this region (Khoi, 1990; MOH, 1991) . Smaller urban households with a higher education level show a significant higher expenditure level and consume significantly higher amounts of protein. However, the correlation between retinol and protein intake among this study population is relatively low (r ¼ 0.23, Po0.001, data not shown). This finding can be explained because the main protein intake among the study population comes from plant food sources and the low retinol intake is due to the low intake of animal food products. Thus, the current policy towards distribution of high-dose vitamin A capsules for children from 6 to 36 months and for lactating mothers is still an important and needed intervention to prevent the disadvantage in the population from vitamin A deficiency (Khan et al., 2002) .
In this study, we used household expenditure as an indicator of socio-economic status: the higher the expenditure, the higher the socio-economic status. This is based on a Vietnam General Statistic Office (GSO) survey according to World Bank-recommended indicators (GSO, 1999) . Previous studies showed that families with higher expenditure spend more money on foods, especially animal foods (GSO, 1999; MOH, 1991) . In the multivariate analysis model, the carotenoid intake is not different across the various levels of household expenditure. Likewise, quartiles of household expenditure are no different in retinol intake, except for a significant higher retinol intake in the highest quartile (Table 4 ). This finding is comparable with the findings of a study in Indonesia. In that study, 25% of the subjects whose serum retinol concentration was at the lowest end of the distribution also had the lowest socioeconomic status (de Pee et al., 1999) . This finding may indicate that at the highest expenditure quartile, the difference in retinol intake as a result of high consumption of retinol-rich foods is really a critical point for any food-based strategy to combat vitamin A deficiency. Promotion of animal foods may be a key issue, but may at the same time be impossible for populations with medium or low socio-economic status as observed in our study and many others (West and Poortvliet, 1993; de Pee et al., 1995 de Pee et al., , 1996 . Education levels of mother and father were not associated with carotenoid and retinol intake. This finding is inconsistent with the results of a study in Bangladesh, which reported that vitamin A consumption is higher among those with higher educational levels (Ahmed et al., 2003) .
In this study, the number of family members correlated negatively with carotenoid intake, also after adjustments for confounding variables (Table 4) . Thus, more the family members, less the vegetable and fruit consumed per capita. It is noted that these larger households are also the ones with lower socio-economic status (r ¼ 0.23, Po0.001, Spearman test; data not show) that may be at a higher risk of vitamin A deficiency, and merit concern.
In summary, our study indicates that carotenoids from plant foods are the main source of vitamin A intake among the Red River Delta population in Vietnam. Among socio-economic factors, household expenditure and number of household members are the main determinants for carotenoid and retinol intakes. Promotion of consumption of animal-derived foods and developing vitamin A-fortified foods should be the key strategies for Vietnam to deal with vitamin A deficiency in the coming years.
